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The aim of this study was to determine the 
mean value for the fraction of inspired oxygen 
(Fi02) in normal subjects at oxygen flow rates of 
2L/min, 4L/min and 6L/min during mouthpiece 
nebuHsation. The Fi02 was defined as the frac-
tionalextraction of oxygen at the mouth. The 
variation in the Fi02 during normal and deep 
breathing was also studied in order to asseSs 
whether a significant difference in the Fi02 
occurred. Breathing at a normal tidal volume, 
the values of the Fi02 were 27.5 per cent,30.S 
per cent and 34.9 per cent respectively. The 
values during deep breathing were 24.4 per 
cent. 27.9 per cent and 31.3 per cent respec-
tively.lt was clearly evident that the FiOz during 
deep breathing was approximately 3 per cent 
less than that during normal tidal breathing. 
[Jacobson GC, Herson M: The percentage of 
inspired oxygen at different flow rates during 
nebulisation. Australian Journal of Physiother-
apy 36: 12-16, 1990] 
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The percentage of inspired 
oxygen at different flow 
rates during nebulisati.on 
To date, little is known about the percentage of oxygen that is 
inspired during nebulisation. 
Mouthpiece nebulisers are frequently 
used by physiotherapists in the treat-
ment oflung diseases. From the 
available literature, it is apparent that 
neither the fractional oxygen concen-
tration of inspired air during nebulis-
ation with oxygen nor the effect of 
deep breathing on that concentration 
are known. . 
The study was based upon a previous 
research project by Hay and 
Schwellnus (1985), who expressed the 
need for further investigation into the 
evaluation of the percentage of in-
spired oxygen (FiOz) in normal sub-
jects during mouthpiece nebulisation. 
A suspension of fine particles of 
liquid or solid in a gas is known as an 
aerosol and the instrument used to 
generate it is called a nebuliser (Egan 
1973). 
In comparison with systemically 
administered drugs, aerosols have nu-
merous advantages (Clay et aI1984). 
It is known that the deposition of 
aerosols is affected by factors such as 
the mode ofinhalation, volume fillt the 
gas flow rate and the properties of the 
aerosol (Clarke and Newman 1983). 
Aerosol size is inversely proportional 
to the flow rate and, by increasing the 
oxygen flow rate from 4L1min to 
8L1min, the nebulisation time is halved 
and the amount of solution released as 
an aerosol is increased (Clay et al 
1983). 
Deposition of aerosols is affected by 
the mode of inhalation but the exact 
nature of this effect is uncertain 
(N~wman and Clatke 1983). 
Apparently healthy individuals show a 
uniform distribution of aerosol 
throughout the lung parenchyma, but 
alternate breathing patterns have a 
definite influence on the deposition 
(Swift 1980). 
The nature of this influence is not 
fully understood, but alterations in 
regional ventilation tend to increase 
particle deposition peripherally. 
Deposition in the upper airways is 
more pronounced in patients with 
restricted ventilation (Tradjan et al 
1984). . 
The pattern of ventilation is poten-
tially controllable and becomes clinic-
ally important in determining both 
penetration and deposition of aerosols 
(Brashear and Rhodes 1978). 
The breathing pattern determines the 
volume of particles that reach the 
alveoli and deposition is influenced by 
the minute ventilation. More specific-
ally, deposition tends to increase with 
an increase in tidal volume and a 
decrease in respiratory rate {Brashear 
and Rhodes 1978). 
Based on this, the ideal ventilatory 
pattern for aerosol delivery would be: 
(a) slow, to allow particle settling 
(b) deep, to carry an increased volume 
of aerosol 
(c) with an end inspiratory breath-
hold to allow for adequate diffus-
ion. 
One hundred per cent oxygen should 
only be used as a driving gas with 
extreme caution (Hadfield 1984) and, 
in some cases, should not be admini-
stered (Austin and Chan 1984). 
The condition of patients with a 
raised PaC02 who are dependent on 
their hypoxic drive to stimulate vent-
ilation maybe adversely affected by the 
use of oxygen asa driving gas (Webber 
1981). 
In patients With eOAD who have 
CO2 retention, a rise of 1,03 KPa (7.7 
mmHg) of CO2 was evident after a 15 
minute nebulisation period (Guna-
wardena et aI1984), thereby illustrat-
ing the potential hazard that exists. 
The high numbers of patients with 
COAD being treated in our hospitals 
today have led to an increased aware-
ness of the precautions that must be 
exercised when managing this cond-
ition. 
The findings above illustrate the 
importance of a thorough understand-
ing of the exact percentage of oxygen 
inspired during nebulisation and they 
provide the impetus for this study. 
The aims of the study were to deter-
mine: (a) the Fi02 at flow rates of 2L1 
min, 4L1min and 6L1min, and (b) the 
effects of deep breathing on the Fi02 
at these flow rates. 
Method 
Subjects 
Some twenty-seven apparently 
healthy subjects originally took part in 
the study. Two were excluded on the 
basis of abnormal lung function and 
the remaining 25 subjects provided the 
data which was analysed. 
The group consisted of 12 males and 
13 females whose ages ranged from 15 
years to 55 years with a mean of29 
years and six months. 
Each subject was asked to complete a 
questionnaire which elicited informa-
tion regarding smoking history and 
recent state of health. Written, in-
formed consent was obtained from 
each volunteer. 
Apparatus. 
Lung function tests were performed 
by qualified respiratory technicians in 
the lung function laboratory at the J.G. 
Strijdom Hospital in Johannesburg. 
These tests were performed to assess 
normality in each of the subjects. 
Normality was determined according 
to the reference values detailed in the 
Berotec Lung Function Computer 
chart (Boehringer Ingelheim 
Randburg, Johannesburg, RSA). 
Tidal volume and vital capacity were 
measured directly by an on-line 
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computer system G aeger Inc 
Wurtzburg West Germany). 
Peak expiratory flow rate (PEFR) and 
forced expiratory volume in one 
second (FEV,) were measured by 
means of a flow-volume loop which 
was obtained using a Jaeger Ergo 
Pneumotest Unit Gaeger Inc 
Wurtzburg WG). Two subjects were 
excluded from the study as their 
measured values fell outside the 
normal range. 
Procedure 
The subjects were seated and the 
procedure was fully explained. A Cirrus 
mouthpiece nebuliser Model 1495 
(GRS Distributors Johannesburg RSA) 
was secured to the inspiratory port of a 
two-way non-rebreathing valve. Four 
mL of normal saline was placed in the 
nebuliser. 
In order to measure the Fi02 at the 
mouth, a fuel cell oxygen analyser that 
measured the oxygen concentration in 
the inspired air was connected to the 
inspiratory port by plastic tubing 
placed close to the mouthpiece. 
The oxygen concentration was 
recorded on an x-y plotter and minute 
ventilation by means of a pneumo-
tachograph. (The flow signal was 
integrated against time to give the 
volume.) 
The nebuliser was given to the 
subject who was then instructed to 
breathe in a normal tidal pattern for 
one minute at zero flow rate, i.e. 
breathing only room air. 
The rate and pattern of the breathing 
were both recorded on an x-y plotter. 
Once the subject had achieved a 
uniform pattern of ventilation, he or 
she was instructed to inspire deeply 
within a comfortable range at an 
oxygen flow rate of 2L/min. 
A comfortable range was defined as 
that depth of inspiration that com-
pletely filled the subject's lungs with-
out undue effort. A total of six such 
inhalations were performed after which 
the subjects rested for two minutes. 
At the completion of the rest period, 
the oxygen flow rate was returned to 
2L/min and the subject was instructed 
to breathe in a normal tidal pattern for 
a period of two minutes. 
The same procedure was adopted for 
the remainder of the testing except 
that the flow rate was increased to 4 
and 6 Llmin accordingly. 
Data 
One investigator (investigator A) 
accurately recorded the nebulisation 
time (two minutes) on a stopwatch. 
This was checked by the other investi-
gator (investigator B). 
During both the one minute period 
when the subject was breathing only 
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room air and the two minute period of 
normal tidal breathing, investigator B 
recorded the FiOz on a minimum of 
five occasions, by writing the observed 
value directly onto the trace. This 
served as a double check. 
Investigator A supervised the six deep 
inhalations and, once again, investi-
gator B recorded the observed values 
directly onto the trace. 
The analyser was calibrated before 
and after each test using a one litre 
syringe. 
On completion of the testing, the 
trace from the x-y plotter was removed 
and stored for later analysis. 
The same procedure was followed for 
each subject in order to enhance 
reliability. Each aspect of the testing 
was supervised and subject variability 
was therefore minimised. 
Results 
Figure 1 compares the mean FiOz as 
a percentage plotted against the flow 
rate measured in L/min for normal and 
deep breathing. It indicates that a true 
difference (p < 0.01) exists in the FiOz 
between normal and deep breathing. 
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Increasing the flow rate during 
normal tidal breathing from zero to 
2L1min raised the FiOz by 6.5 per 
cent. 
"When the flow rate was raised from 
2L/min to 4L/min, a 3.3 per cent rise 
in the FiOz occurred while an increase 
of 4.1 per cent was evident when the 
flow rate was increased from 4L/min 
to 6L1min. 
Each increment of 2L1min yielded an 
increase of only approximately 3.4 per 
cent in FiOz during deep breathing. 
Figure 2 represents a scattergram 
depicting the relationship between 
normal and deep breathing at a flow 
rate of 2 L/min. The scattergram with 
a superimposed regression line 
(y = 7.57 + 0.609 x, where x = normal 
breathing and y = deep breathing) 
indicates that a significant correlation 
( p < 0.01) exists (rZ = 0.60) between 
normal and deep breathing, so that 
predictability is reasonably good. This 
holds true not only for 2L/min but for 
all the flow rates used. 
Scattergrams with regression lines 
were drawn (not graphically repre-
sented here) in order to explore the 
relationship between normal and deep 
breathing at flow rates of 4L/min and 
6L1min. 
The plots indicated (y = 9.01 + 0.62 x 
andy = 2.2 + 0.83 X for 4L1min and 
6L/min respectively, where x = normal 
breathing and y = deep breathing) that 
a significant correlation (p < 0.01) 
exists (rZ = 0.82 and 0.88 respectively) 
between normal and deep breathing. 
Thus, knowing the FiOz during 
normal breathing, it is possible to 
predict with reasonable accuracy the 
FiO~ during deep breathing at any of 
the tlow rates used. 
Statistical analysis 
The data (see Appendix 1) were 
analysed using a two-tailed Student's 
T-test. The results are detailed in 
Table 1. 
Correlation between normal and 
deep breathing at each flow rate was 
assessed using Spearman's Rank-Order 
Coefficient of Correlation, by means of 
the formula 
r = 1 -
s 
6I(x-y)Z 
n (n z - 1) p p 
where rs = Spearman's Rank Order 
Coefficient of Correlation, n = num-p 
ber of ranked pairs and I = the sum of 
the squared differences between the 
ranks of the two variables. 
At 2 L/min, rs = 0.77 and r/ = 0.60. 
At 4 L/min, rs = 0.91 and r/ = 0.82. 
At 6 Llmin, rs = 0.94 and r/ = 0.88. 
The correlations were significant at 
p < 0.01. 
Discussion 
From the results, it is evident that the 
FiOz is directly affected by the oxygen 
flow rate. During deep breathing, this 
value is always less than during normal 
tidal breathing. 
The results indicate that there is a 
good degree of predictability between 
normal and deep breathing. 
With knowledge of the FiO during 
normal breathing, it is possible to 
predict with reasonable accuracy the 
FiO~ during deep breathing for any of 
the tlow rates used. 
However, at all the flow rates used, a 
small numb~r of subjects deviated from 
the line (Figure 2), indicating that 
pr~ctabilityhas a measure of individ-
ual variability. 
It is possible that the variability in 
these subjects could be attributed to 
~erimental error because it was 
possible for a greater volume of air to 
be inspired on each occasion. This 
would have caused an alteration in the 
admixture of the inspired air which 
would result in lower values being 
observ~d during deep breathing. 
The extreme values were included in 
the data analysis and it was evident that 
there was greater variability at the 
higher flow rates. However, if the 
r~gression lines for each set of data 
were extrapolated, the intercept on the 
Yaxis showed more linearity at higher 
flow rates, indicating that predictabil-
ity, and hence reliability, may be mor~ 
accUrate at higher flow rates. 
As previously shown (Webber 1981, 
Gunawardena etal1984) using 100 per 
c~t oxyg~asa driving gas in patients 
with COAD may be dangerous. 
If a raised PaC02 indicates reduced 
ventilation, there is a risk that an . 
increase in inspired oxygen concentra-
tion will further reduce ventilation and 
worsen the CO2 retention (Webber 
1981). 
It was evident from the results that 
the rise in the Fi02 during deep 
breathing was less than during normal 
tidal breathing. 
Limitations of this study included the 
use of normal subjects and the lack of 
arterial Pa02 measurements. For these 
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reasons, no inferences should be drawn 
with regard to patients with respiratory 
abnonnalities. 
However, if the results could be 
extrapolated to patients suffering from 
COAD, the risk of abolishing the 
hypoxic drive to ventilation could be 
minimised if these patients are in-
structed to breathe deeply during 
mouthpiece nebulisation. 
An alternating pattern of six deep 
breaths with six normal breaths should 
~ that hyperventilation does not 
oe<:ur. 
It was observed that, while using a 
mouthpiece nebuliser, the subjects 
received a lower concentration of 
oxygen during deep breathing than 
during normal tidal breathing (Fig~ 
ure 1). 
. A higher peak inspiratory flow rate is 
reached during deep breathing and a 
greater volume of air is inspired, thus 
entraining more air into the circuitry 
which dilutes the fractional concentra-
tion of oxygen in the inspired gas. 
A clinical implication of this lower 
concentration of oxygen is that, during 
a 10 to 15 minute nebulisation period, 
the diffusion rate of oxygen across the 
respiratory membrane may be ad-
versely affected which may result in 
arterial hypoxemia. 
It was evident from the data in this 
study that normal tidal breathing 
patterns result ina subject receiving a 
greater concentration of inspired 
oxygen when using a mouthpiece 
nebuliser. . 
It is possible, therefore, that in 
hypoxic patients who do not rely on 
their hypoxic drive for ventilation, high 
flow rates can be used in order to 
maximise oxygenation and minimise 
nebulisation time. 
The percentage of the administered 
drug that is delivered to the affected 
area is influenced by the tidal volume 
and breathing frequ~cy,and thus the 
adoption of a pattern of slow, deep 
breathing may enhance aerosol depos-
ition and clinical effectiv~ess of th~ 
medication. 
Furthermore, the use of an alternat-
ing pattern of deep breathing poten-
tially allows for the beneficial effects of 
deep breathing (i.e. assisting with 
secretion removal) while maintaining 
an acceptable level of oxygenation. 
Conclusion 
During nebulisation, the Fi02 during 
deep breathing was found to be ap- . 
proximately 3 per cent less than that 
observed during tidal breathing at 
oxygen flow rates of2L/min, 4L/min 
and 6L1min in a group of normal 
subjects. 
This represented a significant differ-
ence in this group of subjects. Further 
research using a clinical population and 
arterial Pa02 measurem~tsshould be 
undertaken to determine whether 
these results are the same inpatients 
with lung pathology. 
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